Introduction
The global prevalence of diabetes mellitus among people aged 20-79 years is expected to increase by 20% in 2030, compared with 2010. 1 This rapid growth poses a worldwide health and economic challenge, 2 in part because common microvascular complications of diabetes mellitus (diabetic retinopathy and diabetic macular edema [DME]), 2, 3 are leading causes of visual impairment in developed countries. [2] [3] [4] [5] Consistent with this assessment, an analysis of the Taiwan Longitudinal Health Insurance Database revealed that, among patients with type 2 diabetes, the number 6 Similar figures were found in a study conducted in Europe. 7 The expansion of the diabetic population has resulted in an increased demand for resources to treat diabetic retinopathy and DME. 8 The direct medical cost of a patient with DME was shown to be 3.1 times higher than the national average medical expenditure per person in Taiwan between 2004 and 2009. 9 In the United States, direct medical costs from 2000 to 2004 10 and 1999 to 2004 11 were reported to be 30% and 75% higher in diabetic patients with DME, compared with those without diabetic retinopathy 10 or DME, 11 respectively. DME has traditionally been treated with laser photocoagulation, but treatment patterns have evolved since the introduction of intravitreal treatments, which include anti-vascular endothelial growth factor (VEGF) agents and corticosteroids. 4 Landmark Phase III/IV clinical trials, in which patients received an average of seven to ten intravitreal injections per eye in the first year, have demonstrated that anti-VEGF agents, such as bevacizumab (Avastin ® , Genentech Inc., San Francisco, CA, USA), ranibizumab (Lucentis ® , Genentech Inc.), and aflibercept (Eylea ® , Regeneron Pharmaceuticals Inc., Tarrytown, NY, USA), are effective in improving visual and anatomic outcomes in patients with DME, including those of Asian descent. [12] [13] [14] [15] Based on these results, anti-VEGF agents have been approved as DME treatment in many countries. In Taiwan, ranibizumab and aflibercept have been reimbursed nationally since 2013 and 2016, respectively, although patients must meet specific criteria (optical coherence tomography [OCT]-defined central retinal thickness [$300 µm] and visual acuity [VA, 20/40−20/400]) to be eligible. Intravitreal corticosteroid treatment for DME largely consisted of offlabel triamcinolone (eg, Kenacort™, Bristol-Myers Squibb, Taipei, Taiwan) until 2016. 16 However, a sustained-release dexamethasone intravitreal implant (Ozurdex ® , Allergan plc, Dublin, Ireland) with efficacy up to 6 months 17 was approved for use in March 2016.
Although several intravitreal agents are used for the treatment of DME in Taiwan, data on DME treatment patterns are limited. Accordingly, the objective of this study was to characterize the patterns of DME treatment in Taiwan and to examine their impact on health care resource utilization and visual and anatomic outcomes.
Methods study design, data source, and patient identification
This was a retrospective, observational cohort study of longitudinal data from medical records of patients with DME who were treated at five hospital ophthalmology clinics (one public and one private in Southern Taiwan; two public and one private in Northern Taiwan) between January 1, 2012 and December 31, 2013. Inclusion of up to 120 patients from each of the five participating hospitals was planned for analysis. Data were captured in an electronic database and deidentified. Data extraction was conducted between October and December 2014. Approvals from the institutional review boards of the following hospitals were obtained prior to study initiation: Kaohsiung Veterans General Hospital (Shwu-Jiuan Sheu), Shin-Kong Wu Ho-Su Memorial Hospital (ChengKuo Cheng), Chang Gung Medical Foundation (Hsi-Kung Kuo), Taipei City Hospital (Ching-Yao Tsai), and Taipei Veterans General Hospital (Tai-Chi Lin; Shih-Jen Chen). The need for written patient consent was waived in light of the retrospective study design, nature of the data collected, and low risk of confidentiality breach.
Available medical records from January 1, 2009, to December 31, 2014, were screened to identify patients (prevalent population) who had 1) a diagnosis of DME; 2) received $1 laser treatment or pharmacotherapy (intravitreal or subtenon corticosteroids and/or intravitreal anti-VEGF agents) between January 2012 and December 2013 (index period); and 3) attended $1 follow-up clinic visit after the first treatment administered during that period. Patients with concurrent progressive retinal disease (eg, neovascular age-related macular degeneration [AMD] and retinal vein occlusion [RVO] ) requiring treatment to prevent vision loss, or who were already participating in a clinical trial, were excluded. Patients with concurrent stable retinal disease (eg, RVO or dry AMD) not requiring treatment to prevent vision loss were included at the investigator's discretion.
Further screening identified a subset of patients (anti-VEGF-naïve population) with 1) a diagnosis of DME and If a characteristic was not recorded in that period, a search of data from the 12 months following (preferentially) or preceding the baseline visit was conducted. Characteristics not documented during the 12-month extension period were categorized as "missing". Data collected at each clinic visit included VA of each eye, central macular thickness (CMT) measured by OCT, treatment administered, and whether fluorescein angiography was performed. VA was originally recorded in Snellen and converted to the ETDRS letter scores using a published algorithm. 18 To aid in the comparison of CMT assessed with different types of OCT imaging techniques, measurements were transformed to Stratusequivalent values using published algorithms. 19, 20 In the anti-VEGF-naïve population, baseline VA and CMT were measured between Day 30 pre-index and the date closest to the index date; if no measurements were available before the index date, the closest measurements #7 days after the index date were used. The VA and CMT at the date closest to 365 days (between days 330 and 419) post-index treatment were the 1-year follow-up values; if those values were not available, the most recent VA and CMT values obtained between days 8 and 329 after the index date were used (as last observation carried forward [LOCF]).
Outcomes assessed in the prevalent population included the change in DME treatment distribution between January 2009 and December 2014, as well as health care resource utilization over up to 3 years from the date of the first DME treatment received in the index period. Health care resource utilization, evaluated in terms of frequency of clinic visits, DME treatment visits, and assessment visits during which OCT and fluorescein angiography were performed, was analyzed according to the type of DME treatment received in the first 6 months post-index (ie, no intravitreal injection/ laser alone, or injection of corticosteroid [± laser], anti-VEGF [± laser], or both [± laser]). Outcomes assessed in the anti-VEGF-naïve population were the mean number of anti-VEGF injections administered in the first year post-index overall and per quarter year, as well as the change from baseline in VA and CMT during that year.
Data analyses
Descriptive statistics were used to summarize patient demographic and disease-related data. Chi-square and t-tests were conducted to analyze categorical and continuous variables, respectively. Analyses of VA and CMT were undertaken using observed values and repeated with the LOCF method for imputation of missing values (provided the last observation was obtained $8 days after the index date). Multivariate regression analyses were used to explore the relationship between intravitreal treatment frequency and outcomes, as well as the mean resource utilization per quarter across treatment category, with adjustment for potential confounders (age, gender, baseline VA, DME bilateralism, and number of laser treatments) where appropriate. A formal sample size calculation was not conducted. All analyses were carried out using STATA software version 13 (StataCorp LP, College Station, TX, USA).
Results
Of 441 patients (783 study eyes) with DME who met the eligibility criteria, 431 patients (765 eyes) with type 2 diabetes were included in the analyses of the prevalent population. Ten patients (18 eyes) had type 1 diabetes and were excluded from analysis. In comparison, 77 patients (101 eyes) comprised the anti-VEGF-naïve population. Baseline demographics and clinical characteristics are shown in Table 1 . 18 Treatment patterns and health care utilization in the prevalent population
The absolute number of DME treatments administered over the study period and the change in distribution of individual DME treatments (as a percentage of total DME treatments) are presented in Figure 1A and B, respectively. The low number of treatments in the earlier years (2009-2011) is likely a result of the study design, as patients were required to have received anti-DME treatment during the 2012-2013 period, but not necessarily before 2012. Between 2009 and 2014, there was an overall decline and increase in the use of laser and anti-VEGF agents, respectively, whereas the use of corticosteroids remained relatively constant. Most notably, the use of bevacizumab decreased in proportion with the increase in ranibizumab use. Only six cases of aflibercept use were recorded, which reflects the fact that aflibercept became commercially available only in the first half of 2014.
Across all treatment categories, there were significantly (P,0.001) more clinic visits, treatment visits, and OCT assessments per quarter in the first 6 months post-index, compared with months 7-12, Year 2, or Year 3 ( Figure 2 ). Overall, patients receiving both anti-VEGF agents and corticosteroids during the first 6 months post-index attended the 
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sheu et al greatest number of clinic and treatment visits and had the greatest number of OCT assessments per quarter, followed by patients receiving anti-VEGF agents alone. In contrast, patients receiving laser photocoagulation alone during the first 6 months post-index had the lowest number of visits and assessments per quarter overall (Figure 2 ).
injection frequency and clinical outcomes in the anti-VegF-naïve population
The anti-VEGF treatment frequency and visual and anatomic outcomes were assessed at the eye level in the anti-VEGFnaïve population. As shown in Figure 3A , 69% of eyes received one to four anti-VEGF injections, 25% received five or six injections, and only 6% received seven or more injections (range: 7-9) during the first year post-index. Notably, the mean number (standard deviation [SD]) of anti-VEGF injections administered over this period was 3.72 (1.80). Furthermore, the injection frequency decreased markedly after the first quarter ( Figure 3B ). Although all eyes received at least one injection during the first quarter (including 77% that received three or four), 59%, 69%, and 75% of eyes received no injection during the second, third, and fourth quarters, respectively.
The mean observed VA (SD) was 51.2 (16.1) letters at baseline (n=83 eyes) vs 51.6 (21.9) letters at 1 year post-index (n=83 eyes), yielding a mean VA change from baseline of 0.4 (18.8) letters (Figure 4) . [12] [13] [14] 18 However, the VA change from baseline improved at 3, 6, and 9 (peak) months, before declining at 1 year post-index (Figure 4 ). Results were similar at 6, 9, and 12 months after imputation of missing values (n=101 eyes; Figure 4 ). The findings did not point to an association between the number of anti-VEGF injections received in the first year post-index and VA improvement. In addition, whether patients had at least one visit every 3 months during that period did not correlate with VA improvement; the mean VA change from baseline (SD) was -0.4 (18. 
Discussion
This retrospective analysis of Taiwanese patients with type 2 diabetes and DME reveals the impact of the introduction (and subsequent reimbursement) of anti-VEGF treatments on DME treatment patterns and health care resource utilization. Furthermore, the results suggest an association between the frequency of anti-VEGF injections and anatomic outcomes. A similar association between the anti-VEGF injection frequency and VA in real-world practice has been hypothesized by investigators, 21 based on usage data from clinical trials in DME.
Our results highlight a decrease in the use of bevacizumab between 2009 and 2014 that coincided with the increase in ranibizumab use (attributed to its reimbursement in Taiwan 
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Treatment of diabetic macular edema in Taiwan beginning in February 2013). Furthermore, the use of laser treatment declined, which likely reflects changes in the treatment paradigm of DME with the advent of anti-VEGF agents (as previously reported in a claims-based analysis of the Taiwan National Health Insurance Database from 2004 to 2009). 6 In contrast, use of off-label intravitreal corticosteroid remained consistently low throughout the study period.
Health care resource utilization data showed that clinic, treatment, and OCT visits were generally more frequent during the first year of treatment, declining in subsequent years. This pattern may reflect both the treatment approach in DME (ie, the treatment schedule is usually more intensive/ frequent early after diagnosis, and less frequent once the disease stabilizes) and patient behavior (ie, poorer compliance over time and/or increase in loss to follow-up leading to fewer visits, as is common with chronic disease [22] [23] [24] [25] ). Health care resource utilization also differed according to the type of therapeutic agent prescribed during the index period; it was highest in patients who received anti-VEGF treatment (alone or in combination with corticosteroid treatment) in the first 6 months post-index, compared with laser or corticosteroids alone, most likely due to the need for more frequent injections and monitoring, a greater disease severity at baseline (data 
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Treatment of diabetic macular edema in Taiwan not shown), and the requirement to demonstrate achievement of specific OCT-based central retinal thickness and VA to continue treatment (per the Taiwanese Bureau of National Health Insurance). In these patients, the mean number of clinic visits during the first year post-index ranged from 6.4 to 6.8, consistent with a mean of 6.9 clinic visits during the first year recently reported in the LUMINOUS study of ranibizumab in clinical practice. 26 In the anti-VEGF-naïve population, it is noteworthy that 94% of study eyes received fewer than seven anti-VEGF injections in the first 12 months of treatment. This finding is in contrast with that of landmark clinical trials of anti-VEGF agents in which patients received seven to ten injections (on average) in the first year of treatment. 12, 13, 15, 27, 28 However, it is consistent with other real-world studies that reported a mean of two to four injections during the first year of each visit window spanned from 30 days before to 60 days after the target dates of 90 days/3 months, 180 days/6 months, 270 days/9 months, and 365 days/12 months. Within each visit window, the Va measurement closest to the target data was used. Abbreviations: eTDrs, early Treatment Diabetic retinopathy study; lOCF, last observation carried forward; se, standard error; Va, visual acuity; VegF, vascular endothelial growth factor. 
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sheu et al treatment. 21, 26, [29] [30] [31] This low frequency of anti-VEGF injections is likely due to the already high treatment burden experienced by diabetic patients with DME. [32] [33] [34] A claims database study in the United States showed that patients with DME had significantly more comorbidities, as well as greater health care utilization and treatment burden, compared with diabetic patients with no DME. 34 The study suggested that the increased burden may force DME patients to choose between obtaining health care and managing their work and other personal commitments. 34 Indeed, DME patients have to contend with numerous visits to various other medical specialists (eg, diabetes specialist, cardiologist, and nephrologist), 33, 34 which may limit their capacity to accommodate or adhere to frequent ophthalmologist visits. 32 Furthermore, during the study period, Taiwanese reimbursement guidelines for ranibizumab required demonstration of efficacy after the first three injections (ie, improvement in CMT/VA) in order to receive approval for further treatment, which may have contributed to the limited number of treatments received by patients in this study. In turn, the low number of anti-VEGF injections (mean 3.7) administered in the first year post-index was associated with an observed VA change of 0.4 letters at 12 months (0.1 letters after imputation for missing data), compared with gains of 6.1-10.2 letters reported in randomized clinical trials, 15, 27, 28, 35 suggesting a correlation between the number of injections and visual outcomes. Further research is needed to quantify any such relationship. The lack of association between the number of anti-VEGF treatments and VA gain in this study may be due to the small sample size (especially in the $7-injection category), the fact that the number of injections decreased markedly after the first quarter of the year, and/or that VA was not measured at a fixed time-point post-treatment in this real-world clinical study, thus potentially contributing to the measurement variability. The fact that 59% and 69% of patients did not receive anti-VEGF injections in the second and third quarter of the first year post-index, respectively, could also explain why the mean changes from baseline in VA and CMT decreased after 9 months, and thus support the need for additional treatments to improve outcomes.
A potential limitation of this study was that health care resource utilization was analyzed based on the type of, and time from, patients' initial treatment, and the impact of change in treatment after 6 months was not explicitly examined. Evaluation of patients who switched treatments would have led to many permutations, as well as sample sizes too small for statistical analysis. Other potential study limitations include the high proportion of patients with center-involved DME, which may have skewed the results toward utilization of anti-VEGF agents -the recommended first-line therapy with or without laser. 36 Because baseline VA was based on measurements obtained from 30 days before to 7 days after the index date, and certain patients experience some visual improvement shortly after an anti-VEGF injection, the minority of patients whose baseline VA was established within that 7-day period may have slightly biased (ie, underestimated) the results. The retrospective nature of the study, missing data (eg, due to loss to follow-up), and the potentially higher data capture from compliant patients (who attend clinic appointments) may have introduced biases as well. In addition, data capture for each patient was limited to one hospital, which does not account for visits and treatments at other hospitals, thereby potentially underestimating the health care resource utilization. However, feedback from treating physicians indicated that the likelihood of "clinic hopping" was low, particularly during the first year of treatment. Finally, there is a possibility that poor outcomes resulted in a decreased injection frequency due to reduced patient motivation and interest in the treatment.
As of February 1, 2016, new reimbursement guidelines in Taiwan allow patients to receive five ranibizumab treatments before demonstration of efficacy is required for approval of further treatments. The impact that this will have on the evolving treatment patterns of DME in Taiwan should be evaluated in future studies.
Conclusion
Our findings show that, between 2009 and 2014, a change in treatment patterns for DME occurred in Taiwanese hospital ophthalmology clinics after anti-VEGF agents became available. Use of ranibizumab markedly increased following its approval for reimbursement in 2013, whereas use of off-label bevacizumab and traditional laser treatment declined. This study also showed that, in the real-world setting, only a small proportion of patients received anti-VEGF treatment at a frequency similar to that of the landmark Phase III trials. The majority (69%) of patients received one to four injections over the first 12 months, and this was associated with poorer visual outcomes. Consequently, clinicians should consider beforehand a patient's likelihood and ability to receive the appropriate number of anti-VEGF treatments, as there are alternative, effective DME treatment options available with a lower treatment burden.
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